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summary Midkine (MK) is a growth factor identified as a product of a retinoic acid-responsive gene. A truncated form of MK mRNA, which 
Summary MWWna imk) b ag* % , d ,„ cancer cells. We investigated the expression of the 

m^teTwT^ organs using ***** chain reacton ;r ed MK 

^^^iSS^lmJk non-cancerous regions. On me other hand. th« short MK mRNA was expressed in the pnmary 
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AhimrmahhcN in expire of growth factors and their signal 
inuisduciuxi >vsioim are often correlated with lumorigenesis. 
Midkine 1MK1. fcwod as a product of a retinoic acid-responsive 
gene is j hepann-hinding growth factor (Kadomalsu, I9H8; 
Tomomura a al. I WW; Muramtffli, 1993). MK is structually unre- 
laiecl 10 fihmhlaM growth factor, and has about 50% sequence 
identity to pletotnmhin (PTN) (Muramalsu, 1993). MK and PTN 
promote ncuritv outgrowth (Merenmics and Rauvala, 1990; 
Muntmaisu and Mur.iinaisu, 1991) and enhance plasminogen acti- 
vator activny of cndoilwliai cells (Kojima el ah I995</; Kojima ei 
al, 1995/;). Receni evidence indicates a close correlation between 
MK overcxpression and lumorigenesis. MK was reported to he 
strongly expressed in all cases of Wilms* tumour (Tsusui et al, 
1993), and WTi, the product of the Wilms' tumour-suppressor 
gene, suppresses human MK promoter activity (Adachi et al. 
1996). MK expression is increased compared with adjaceni non- 
cancerous tissue in more than 80% of gastrointestinal carcinomas 
such as hepatocellular, oesophageal, pancreatic, colon and 
stomach carcinomas (Aridome et al, 1995). Although the 
frequency was not high, PTN expression has also been reported to 
be increased in some tumours (Czubyko et al, 1 996; Schulte el al, 
1996). Overcxpression of MK has also been seen in breast and 
lung carcinomas (Gorver et al, 1994a,/?). Furthermore, strong MK 
expression correlated with worse prognosis of patients with 
neuroblastoma and urinary bladder carcinoma (Nakagawara et al, 
1995; O'Brien et al, 1996). Overcxpression of MK and PTN in 
man appears to contribute to the malignant pbenotype of carci- 
nomas. Firstly, transfcetiun and expression of MK cDNA or PTN 
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cDNA transform NIH3T3 cells and these cells can fonn tumours 
in nude mice (Chuuhan el al, 1993; Kadomalsu et al, 1997). 
Secondly, MK and PTN have angiogenic activity (Czubayko el al. 
1996; Schulte el al. 1996; Choudhuri et al. 1997), and rihozyme- 
targeting of PTN results in decreased invasion of melanoma 
(Czubaykoet al, 1996) and choriocarcinoma (Schulte el al, 199ft), 
A truncated form of MK mRNA, which encodes MK devoid of 
the N-ierminally located domain, was found in Wilms' tumour, 
pancreatic carcinoma, gastric carcinoma, colon carcinoma and 
breast carcinoma but not in adjacent normal tissue (Kaname et uL 
1996; Miyashim el al. 1996, 1997). The truncated MK is essen- 
tially composed of functionally important C-ierminaily located 
domain (Muramatsu et al, 1994; Kojima et al, 1995c), and is short- 
lived because of the lack of N-terminally located domain, which 
protects the C-tenninally located domain from pnnease attack 
(Malsuda et al, 1996). This truncated form of MK mRNA may 
have diagnostic value. As the number of cases examined to dale 
was small, we examined 47 specimens of gastrointestinal carci- 
nomas and corresponding non-cancerous adjacent tissues lor the 
expression of truncated MK mRNA. Lymph node mclasiases and 
hepatic metastases were also examined to detennine whether there 
is any correlation between the expression of the truncated form 
MK mRNA and metastasis. 

MATERIALS AND METHODS 

Surgically resected specimens 

Specimens were obtained from 47 patients who had andcrgone 
surgery al Kagoshima University Hospital. Kagoshima University, 
from July 1992 to December 1994. They were immediately frozen 
and kept al -80 Q C. The samples were identical to Ihnse described 
previously (Aridome el al, 1995). The mean age of the patients 
was 61.5 years and the male/female ratio was 1.9. 
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Table 1 Truncated and lull-size MK expression In gastrointestinal tumours and non-cancerous regions using RT-PCR 
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Pancreatic cancer 
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Oesophageal cancer 
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•N PT LN and UM stand lor non-cancerous corresponding adjacent ussue, primary lumuut, iym H u 7 ett 

S^t^S^ rymph node metastasis based on the TNM system. -FP indites lamllie. ptosis as . «pM *■«». 
<SCT indicates solid and cystic tumour, 'Non-cancerous tissues was removed from normal liver. 
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Figure 1 MK expression in primary tumours. Figures Indicate case numbers <d. Table 1 ). Lanes 1.2. 8. gastric carcinoma; lanes 1 8.21 .26. colon carcinoma; 
lanes 31 , 34, hepatocellular carcinoma; lane 40. pancreatic carcinoma; tone 44. oesophageal carcinoma 
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Figure 2 Detection of lull-sfeo MK cDNA by RT-PCR in non-cancerous tissues. M indicates size marker and figures indicate case numbers (ci Table 1 ). Full- 
size MK was detected in all but two cases of liver tissue (cases 30 and 38). No truncated-lorm MK was detected 



RNA preparation and Northern blotting analysis 

Total cellular RNA was prepared from samples of about 0.5 g uf 
frozen tissues by acid gunnidium thiocyanate phenol-chloroform 
extraction fChomczynski et al. 19K7). Total RNA (20 Mg) was 
denatured, electrophoresed through \% agarose gels and trans- 
ferred onto Hyhand nylon membranes (Amershnm UK). The MK 
pmhe was a 487-bp human cDNA fragment (nucleotides 76-562), 
and 2-kb-pair human (5-actin cDNA (Clonieeh) was also used as a 
reference prone. The membranes wen: prehybridized, and then 
hybridized with radiolabeled probes. Hybridized membranes were 
washed twice with 2 x SSC, 0.1% sodium dodecylsulphatc (SDS) 
al 56°C for 10 min. twice with (1.2 x SSC. 0.1* SDS at 56°C lor 
M) min and exposed to X-ray film. 

cDNA synthesis 

cDNA from total RNA was synthesized with the Superscript II 
preamplification system (Gibeo- BRL. MD, USA). Briefly, 3 Mg or 
total RNA was digested with RNAasc-frec DNAase. incubated at 
70"C lo inactivate the enzyme and denatured and hybridized with 
random hexamcr primers. Then first-strand cDNA was synthe- 
sized by reverse transcriptase and RNA was digested by RNAase 
H. The first-strand cDNA was used as the template for polymerase 
chain reaction (PCR). 



PCR 

One aliquot of the ten-fold dilute cDN A solution was used for PCU 
in 20 pi. Oligonucleotides corresponding to the sense slrand tsf 
human MK cDNA (5 / -ATGC , AGC , ACCGACiGCTTCCT-.V : 1-20. 
Tsalsui et al. 1991). the antisense strand of MK cDNA (5'-AT- 
CCAGGCTTGGCGTCTAGT-.V: 655-638, Tsuisui et al. 1991 1, the 
sense strand of human glyeeraldehyde 3-phosphaic dehydmgenese 
(GAPDH) cDNA (5'-TC:CCAT( , AGGATCTrCCA-.T: 276-293, 
Arcari et al, I9K4) and in the antisense strand of GAPDH cDNA (5'- 
CATCACGCCACAGlTrCO.V: Arcari el al. I9K4) were synthe- 
sized and used as primers for PCR. The PCR conditions were as 
follows: 35 cycles of denaiuralion (95°C. I min): repealing {5H°C. 
2 min) and extension (72°C2 mini. PCR products were analysed by 
agarose gel electrophoresis with elhidium bromide staining. 



RESULTS 

MK expression in primary tumours 

We investigated 46 cases of gastrointestinal cancer by RT-PCR lo 
deled the truncated form of MK. Clinicopathological features of 
these tumours were described previously (Aridome el al, 1995). 
Among 46 samples obtained from primary tumours. 45 yielded the 
full-size MK product corresponding to the PCR band of 451) bp 
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(Tabic I ). Full-size MK PCR product was not detected in only one 
.sample from the primary lesion of hepatocellular carcinoma. On 
Ihe other hand, a 2K0-bp band due lo Ihe iruncaicd MK wus 
expressed in 3 1 (67%) of 46 cases (Table I ). This small lype of 
MK was expressed in two ( I (W/r) of two oesophageal carcinomas. 
1 2 (75'/f ) of lf> £asirie carcinomas, seven (56%) of 13 colorectal 
carcinomas, five (56%) ol nine hepatocellular carcinomas, four 
<Xl) r ;j ) ol fixe pancreatic cancers and one ( I (MM) of one ampullary 
duodenal carcinoma. 

In gastric carcinoma, truncated MK was not expressed in 
tumours at stupe I accuidme in the TNM classification, but was 
detected in trnisc ai Mace II or greater. Interestingly. II (92%) of 
!2 gastric cancer p.iheius in whom truncated MK was expressed in 
primarx lesions h.ul iukI;i! inctastiises. 

Representative icmiIk of RT-PCR analysis are shown in Figure 
I. Cases I jnd 2 wcic easuic carcinomas with metastatic involve- 
meat but case S was early-stage gastric cancer without metastasis. 
Truncated MK vv.t* detected in advanced (eases I and 2) but not in 
early cancer icasc .Si. In primary lesions of colon carcinomas with 
familial polyposis < cases I N and 2 1 ). one of iwci cases was positive 
for the truncated loriu. In pancreatic eareinoma with hepatic 
metastasis (case 40 1 and oesophageal carcinoma with nodal metas- 
tasis (case 44). truncated MK was also delected. 

MK expression In adjacent non-cancerous tissues 

We investigated 46 samples of adjacent non-eanecrous tissue by 
RT-PCR. Truncated MK was not expressed in any of these 
gastrointestinal tissues. 

Full-size MK was detected in all the nun-cancerous tissues of 
the stomach, oesophagus and large bowel. In two samples of live 
non-cancerous tissues of the pancreas full-size MK was also 
expressed. 

Representative results of MK expression in nun-cancerous 
tissue are shown in Figure 2. Truncated MK was nut detected in 
the precancerous polyploid mucosa from familial polyposis in 
cases IK and 21 . In two cases of cirrhotic liver, the full-size MK 
was detected by RT-PCR. 

When we examined the non-cancerous tissues of the liver by 
RT-PCR, full-size MK was detected in four of ten samples. MK 
was delectable in three of four eases with cirrhotic tissues of the 
liver (eases 3(1, 3 1 , M and .15) and in one of I wo eases with chronic 
hepatitis. On the other hand. MK was not detected in histologically 
normal liver tissue. 



MK 




M Full-size 

'mk 



GAPDH 



Figure 4 MK expression in hepatic metastasis. Lane 2, gastric carcinoma; 
iane 40. pancreatic carcinoma; lane 47, extrahepatlc bile duct carcinoma. 
Only full-size MK was detected in the hepatic metastatic sites 



MK expression in metastatic sites 

It is noteworthy that lamented MK was expressed in all of 14 
metastatic lymph nodes from ten patients but not in one para-aortic 
lymph node ohtained from a non-tumotir-bearing patient with 
abdominal aortic aneurysm (Figure 3). In all of ten patients with 
nodal involvement, both primary tumour and metastatic lymph 
node expressed truncated MK. On the uther hand, in three samples 
from hepatic metastatic sites (cases 2, 40 and 47), full-size MK 
was expressed but the truncated type was not (Figure 4). In case 2 
{gastric cancer) and ease 40 (pancreatic cancer), primary tumours 
were available for analysis and were revealed to have both the 
truncated and full-size MK. 



DISCUSSION 

Truncated MK was detected in 30 of 4ft primary cancers of the 
gastrointestinal organs examined but nut in the adjacent non- 
cancerous tissue. Thus, the present results established the cancer- 
specific nature of ihe truncated MK at least in the gastrointestinal 
organs. Previously, truncated MK was detected in two of three eases 
of gastric carcinoma, one of three cases of pancreatic carcinoma, 
one of two cases of Wilms' tumour and 5 of 25 cases of colon carci- 
noma and () or 26 eases nf breast carcinoma, but not in the following 
non-cancerous tissues: pancreatic tissue in three cases, kidney tissue 
in one case, colon tissue in one case or breast tissue in eight cases 
(Kunomcctal. 19%: Miyashim et nl, 19%, 1997). These results arc 
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inconclusive, except in colon and breast carcinoma. Furthermore, 
the present study also revealed the existence of truncated MK in 
heputocurcinoma and oesophageal carcinoma 

Two cases of familial polyposis with colon carcinoma (cases 18 
and 21, Table I) were of special interest from the view point of 
Lunuuir-specific expression of truncated MK: in both cases, trun- 
cated MK was detected in the cancerous region, but not in the 
polypoid region. Truncated MK was ulso expressed in low-grade 
malignant cancer of the pancreas (case 43, Table 1 J. Thus, cancer 
status of the tumour region appears to determine whether truncated 
MK is expressed. 

The full-size MK was detected by RT-PCR in most cancerous 
and non-cancerous regions. This conclusion is consistent with data 
reported in previous publications (Aridome et al, 1995), although 
quantitative Northern blotting analysis revealed stronger MK 
expression in more of the cancerous tissues than corresponding 
non-cancerous tissue (Aridome ci al, 1995). Because of the higher 
sensitivity of RT-PCR, the number of MK-positive eases in the 
present study was slightly increased in both cancerous and non- 
cancerous specimens compared with the previous report (Aridome 
el al, 1995) in which Northern blotting analysis was employed. 
However, it should be noted thai MK was not delected in normal 
liver even using RT-PCR. 

Tlie most interesting finding of the present study was that all of 
14 lymph node metastases from ten cancer patients expressed the 
truncated MK mRNA. The finding suggests the possible impor- 
tance of the truncated MK in lymph node metastasis. In addition, 
innicnled MK may have diagnostic value. Further studies in this 
jiuhjeci arc urgently required. 

All of three cases of metastatic tumours in the liver did not express 
mmeatal MK. Furthermore, the expression of full-size MK mRNA 
was decreased in the hepatic metastatic lesions as determined by 
quantitative Northern hlotting analysis (data are not shown). 
Thciefure. ii is possible that both truncated and full-size MK are 
correlated with nodal metastasis rather than hepatic metastasis. 

There have been reports that molecular biological exumination 
is useful for detecting micromctusiasis in cancer patients (Hayashi 
et al. 199-1: Hayashi et al, 1995; Inouc et al, 1995; Mori ct al, 
1 995). Inoue el al { 1995) found hepatic micro metastasis in pancre- 
atic adenocarcinoma patients using a two-stage PCR 
reaction/restriction fragment length polymorphism analysis, which 
detected the K-rus mutation. Concerning lymph node metastases 
of gastrointestinal carcinomas, a mutanl-allele-speeifie amplifica- 
tion method was used to deied tumour cells with K-ras or p53 
mutation (Hayashi et al, 1994, 1995). Cancer cells in lymph nodes 
were also detected by enrcinoembryonic antigen-specific nested 
reverse transcriptase polymerase chain reaction (Mori el al 1995). 
Because of the cancer-specific expression nf iruncatcd MK, MK- 
speeifie RT-PCR should he useful for the detection of metastatic 
cancer cells in lymph nodes. MK-specific RT-PCR would be espe- 
cially helpful in accurate diagnosis of borderline lesions between 
malignant tumours.and benign diseases. 

A remaining question is that of the relevance of the truncated 
transcript to cancer biology. Staining of cancer specimens wilh 
anti-MK antibody, which will recognize both the intact and the 
truncated MK protein, revealed that the cancer cells and not the 
infiltrating inflammatory cells produce the MK antigen (Aridome 
el al, 1995). The truncated MK retains the C terminally located 
domain, which is responsible for at least two MK activities, neurite 
outgrowth (Muramulsu et al, 1994) and enhancement of plas- 
minogen activator activity (Kojimu et al., 1995c). Thus, it is not 
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likely that the truncated MK exerts some unusual activity. 
However, the truncated MK is more susceptible to protease 
(Matsuda et al.. 1 996). and a pmteolytically produced fragment 
may either interfere with normal MK function or may have new 
function relevant to tumour invasion. Several experiments are 
possible to test the hypotheses. 
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